Phylogenetic analyses alone are insufficient to determine whether genome duplication(s) occurred during early vertebrate evolution.
The widely accepted notion that two whole-genome duplications occurred during early vertebrate evolution (the 2R hypothesis) stems from the fact that vertebrates often possess several genes corresponding to a single invertebrate homolog. However the number of genes predicted by the Human Genome Project is less than twice as many as in the Drosophila melanogaster or Caenorhabditis elegans genomes. This ratio could be explained by two rounds of genome duplication followed by extensive gene loss, by a single genome duplication, by sequential local duplications, or by a combination of any of the above. The traditional method used to distinguish between these possibilities is to reconstruct the phylogenetic relationships of vertebrate genes to their invertebrate orthologs; ratios of invertebrate-to-vertebrate counterparts are then used to infer the number of gene duplication events. The lancelet, amphioxus, is the closest living invertebrate relative of the vertebrates, and unlike protostomes such as flies or nematodes, is therefore the most appropriate outgroup for understanding the genomic composition of the last common ancestor of all vertebrates. We analyzed the relationships of all available amphioxus genes to their vertebrate homologs. In most cases, one to three vertebrate genes are orthologous to each amphioxus gene (median number=2). Clearly this result, and those of previous studies using this approach, cannot distinguish between alternative scenarios of chordate genome expansion. We conclude that phylogenetic analyses alone will never be sufficient to determine whether genome duplication(s) occurred during early chordate evolution, and argue that a "phylogenomic" approach, which compares paralogous clusters of linked genes from complete amphioxus and human genome sequences, will be required if the pattern and process of early chordate genome evolution is ever to be reconstructed.